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VI INTRODUCTION. 

gineers, to whom a fuller description of the instrument, and 
the uses to which it may be applied, will be acceptable. 
Haying felt personally the want of more practical informa- 
tion on the subject in existing works, it has been thought 
by the Authors that the following pages will supply a defi- 
ciency, of which many have complained ; and enable those 
who have not the opportunity of making experiments to 
gain a more intimate knowledge of the Indicator; and it 
is hoped that some novel applications of the instrument 
will at the same time give it a degree of interest among 
those who are conversant with its ordinary details. 
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8 THE INDICATOR. 

being intended to fit into an orifice in some part of the en- 
gine (generally the top or bottom of the cylinder) by means 
of the screw 00/ 5 is a stop-cock, by which, when the in- 
strument is attached, we can, at will, make or cut off a com- 
munication with the internal parts of the engine. Within 
the hollow cylinder ^ is a piston mUy packed and fitting 
steam-tight.^ Let us suppose, for perspicuity, the instru- 
ment to be in communication with the top of the steam- 
cylinder. Then, when a vacuum is formed above the steam- 
piston, the atmospheric pressure will force down the piston 
of the Indicator, and it will remain at its lowest position till 
fresh steam enters ; but it would immediately (unless pre- 
vented), on receiving a new impulse, be blown out of the 
open top BlE. To prevent this, and at the same time to 
enable us to measure the force of the steam, a spiral spring 
presses with its lower extremity against the surface of the 
piston, while its upper end rests against .the fixed cross-piece 
c. By this arrangement, the place of the piston will always 
vary as the pressure of the steam varies; for it is a mechani- 
cal fact, that the tension of a spring varies as the extension. 
Hence the greater the pressure of the steam, the more the 
spring is compressed; and, on the contrary, as the steam 
loses its elastic force, the spring expands, and the piston 
descends. So that, to get a clear idea of the instrument, 
conceive the piston to be acted on by opposing forces : on 
the lower surface by the pressure of the steam (continually 
varying), and on the upper surface by two forces, viz. the 
pressure of the atmosphere (constant) and the force of the 
spring (varying so as to balance the steam-pressure). Now, 
as the steam-force is perpetually varying, it follows that the 

^ In practice this piston must not be packed overUght, for fear of 
increasing the friction and preventing the free motion of the pencil; but 
the defect, if any, must be remedied by keeping melted tallow or oil on 
the upper surface. 
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piston-tube (de) will be continually rising or falling. If a 
pencil (j>) be attached to the upper end of this tube (de) in 
which the spring works, it will describe a vertical straight 
line on a piece of paper brought into contact with it. This, 
however, is not sufficient for our purpose. This line would, 
after it was traced, tell us the maximum and minimum 
pressure during the stroke; but the pressure at any par ^ 
ticular portion of the stroke would still be undetermined. 
We must, therefore, have some plan similar to that adopted 
in other cases where the vertical motion of a pencil under 
particular circumstances is to be registered. In all such 
instances, the paper on which the variation is to be laid 
down is drawn horizontaUy at a certain rate. If, for in- 
stance, we were desirous of recording how the pressure 
varies with the time, the paper must be drawn uniformly, 
by connecting it with clock-work, or some other apparatus 
for giving a uniform motion. But this, however, is not 
usually the desideratum in the steam-engine. Our object 
is here to have, represented before our eyes, the variation 
of the pressure for every portion of the stroke of the piston; 
and this is contrived as follows : the paper is wrapped round 
a cylindrical barrel C, which is brought back against a stop, 
by a strong watch-spring contained in the box EF. A 
string passes round the pulley Z>, and is led away through 
a fair-leader G,to some part of the engine having a similar 
motion to the piston cross-head, only much reduced; by 
which means the watch-spring and the string are always 
opposing each other. As the piston rises, the barrel will 
be pulled from left to right ; and, on the contrary, as the 
piston descends, the string having a tendency to slacken, 
the barrel will, by the force of the spring, be brought back 
from right to left. At p is the pencil attached to the upper 
end of the tube (jdg), and rising and falling with the Indi- 
cator-piston; and this can be brought into contact with the 
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paper on the barrel (7, or removed from it, at will, by means 
of the joint at g. The rod xz^ and another one on the op- 
posite side of the cylinder, serve as guides to the piston. 

The Indicator-scale. 

The paper is kept on the barrel by means of the strip 
of metal A«, on which are divisions representing the pres. 
sure of the steam. It will be seen that it is graduated 
throughout its whole length, beginning from zero, and 
proceeding upwards and downwards. Now this zero is the 
level at which the pencil stands when the instrument is un- 
connected with the steam-engine, and therefore acted on 
by the atmospheric pressure above and below the piston. 
The pencil will be seen at this level in the figure. If the 
barrel be made to revolve under these circumstances, a 
horizontal line will be traced out. This is called the atmos- 
pheric or zero line. And, therefore, the pencil wiU also 
be at this level whenever the steam, taking the place of the 
atmosphere helow the piston, exerts the same pressure : and, 
consequendy, wherever the diagram cuts this horizontal 
line, the pressure of the steam is ISlbs. on the inch;^ when 
on the level of the marks 1, 2, 8, &c. above this zero, the 
pressure is 16, 17, 18, &c. ; and when on the level of the 
marks 1, S, 3, &c. below this, the pressure is 14, 13, IS, &c. 

To graduate the Indicator-scale, 

Mark the point where the pencil touches the scale when 
the atmosphere is acting freely on both sides of the Indica- 
tor-piston ; then, having previously found the area of the 
piston in square inches, multiply the result by 15, and ap- 
ply it as a weight in lbs. to the under side of the piston. 
This wiU cause the pencil to descend through a space corre- 

* More strictly, 14*75lbs., or a quantity differing from this slightly, 
according to the state of the weather. 
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sponding to a decrease in pressure of ISlbs. Make another 
mark at the point where the pencil is standings and divide 
the intervening space into 15 equal parts^ each of which 
will correspond to lib. pressure. This scale can be con- 
tinued above the highest division as far as requisite. As 
an example^ let us suppose the diameter of the piston to be 
1§ inch^ the corresponding area is 5*1051 square inches^ 
and the weight to be attached 15 x 5*1051, or 76'51bs. 

When the atmospheric line is to he traced. 

The atmospheric line should not be taken till after the 
rest of the diagram has been completed; because, as the 
parts become warm by the steam, slight variations occur in 
its position, depending principally on the alteration in the 
force of the spring; and since this line serves as the origin 
from which the pressures are dated, it is necessary to have 
it laid down as correctly as possible. 

Ihe use of the small hole (m) in the side of the stop- 

cock (mb). 

It serves to let the air into the cylinder (A) when the 
steam is cut off by the stop-cock, and thus enables us to 
take the atmospheric line; the stop-cock performs the 
office of a three-way cock; for by turning it in one direc- 
tion we allow the steam to enter, and exclude the external 
air ; and by turning it in the opposite direction we admit 
the air, and exclude the steam. 

Method of taking a diagram. 

First, look out for some part of the engine whose mo- 
tion is proportioned to that of the steam-piston ;^ taking 
care that the space moved through at that part shall be 

^ That is to say, when you are wishing to find how the pressure yaries 
with the stroke of the engine. 



12 THE INDICATOR. 

somewhat less than the circumference of the traversing 
barrel :^ that is to say, whatever be the diameter of the tra- 
versing barrel, let the movement of the part you are look- 
ing for be not greater than three times this diameter. Fasten 
a string firmly to this point, and have a traversing loop in 
the loose end of the string; it must be of such a length 
that it may be connected with the string passing round the 
pulley of the Indicator. Then close the stop-cock of the 
Indicator, and fix it by the screw (.aa) to some orifice pre- 
viously prepared in the top or bottom of the cylinder.* 
Insert the pencil you intend to use in the small hole (p) 
made for its reception, and clamp it there. The pencil 
should be hard, and have a fine point, to give as clear and 
distinct a line as possible. Those used for drawing-instru- 
ments, and marked hhh, are probably the best. Have 
some pieces of dean writing-paper prodded, long enough 
to be brought round the traversing barrel, and overlap 
about an inch. Paper previously ruled is useful for this 
purpose, the ruled lines being placed lengthways on the 
cylinder. "Wrap a piece smoothly round the barrel, and 
fix it by means of the clasp (ih) on which the scale is marked. 
Then tear away all the surplus paper, and examine what 

' In some engines there is no point except the cross-head of the piston 
to which the string could be attached. The motion must, in these cases, 
be reduced by pulleys; the circumference of one pulley being equal to the 
stroke of the engine, and that of the other to the motion of the Indicator^ 
or they should be to each other in these proportions. 

3 If the top of the cylinder be chosen, the orifice for the grease-cup will 
generally answer the purpose. In most cases, however, a pipe leads from 
the top to the bottom of the steam-cylinder, and the Indicator is attached 
to this pipe. It is provided with stop-cocks, so that when once fixed, the 
arrangement is very convenient for taking two diagrams almost simulta- 
neously from the upper and lower part of the cylinder. The only objec- 
tion to it seems to consist in the tendency of the steam to condense in the 
pipe. For this reason it is advisable to have the Indicator as close to the 
cylinder as possible. 
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remains^ to see if it be quite smooth ; for if there be any 
ridges^ the curve will have an irregular appearance, which 
might lead us to suppose some of the gear for working the 
slides had become loose, or much worn. Next wind the 
Indicator-string round the pulley of the barrel D; and 
connect the hook at its extremity with the loop of the string 
attached to the engine. Adjust the string by means of the 
running loop, till you are satisfied of the motion of the 
barrel; allowing it to make nearly a whole revolution, but 
examining it most carefully to see whether it becomes 
slack, or overtaut. The stop-cock (i) may now be opened 
wide, and the Indicator-piston will immediately start into 
motion : the piston must be well lubricated, to reduce the 
friction as much as possible, and at the same time to pre- 
vent leakage. Let the instrument work for a few seconds, 
to allow it to become thoroughly heated ; and when it has 
arrived at the same temperature as the steam-cylinder, it 
is in a fit state to trace its diagram. When satisfied of the 
working of the machine, take hold of the pencil when it 
comes to the bottom of its stroke, as it is longer stationary 
at this part, and bring it gently into contact with the paper. 
This part of the operation requires some practice ; for if 
the pencil be allowed to come forward too rapidly, the 
spring at ^, by which it is pressed against the barrel, will 
break the point ; and again, if held too long, the force of 
the steam, suddenly acting on the machine, will force it 
out of the hand, or break the holder. When left to itself, 
it will trace out a curve on the paper. As soon as it has 
made a complete circuit, let the pencil be withdrawn from 
the paper (being careful not to take hold of it until at the 
bottom of its stroke). In order to have the line distinct, the 
pencil should not go over the same ground twice. Shut 
off the stop-cock, and the piston will become stationary, 
both sides being acted on by the pressure of the atmo- 
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sphere. Bring the pencil again in contact with the paper, 
and as the barrel traverses, the atmospheric, or zero, line 
will be drawn. The operation is now complete, as far as 
the curve is concerned. Withdraw the pencil once more, 
unhook the line, and take off the traversing barrel. Next 
take a fine-pointed hard pencil, and before taking the pa- 
per from the barrel, mark off upon it the scale of pounds, 
beginning with the atmospheric Kne, and proceeding up- 
wards and downwards. After taking the paper from the 
barrel, it is completed by writing on it the date of the 
month, the name of the ship, that of the engine (whether 
starboard or port), top or bottom of cylinder (as the case 
may be), the number of revolutions, the pressure of steam 
by steam-gauge, and of condensation by barometer-gauge. 

It is important to have means of shortening or lengthening 
the string attached to the Indicator. 

Too much attention cannot be paid to this precaution. 
If an undue strain be brought upon the string it will 
stretch, and if the string be too long it will become slack ; 
and in either case the barrel will be stationary for a small 
interval while the steam-piston is moving, and the curve 
will not be a true indication of the motion. Indeed, if 
proper attention be not paid to this point, the diagram 
may turn out very different from what it ought to be. 
The comers of the figure will be sharper and better de- 
fined, and consequently those litde faults of the engine, 
which it is our object to discover, will be hidden. 

The pressure of the steam and the state of the vacuum on 
the diagram do not correspond with the boiler-pressure 
and condenser-vacuum. 

The results will always be less. The difference will 
depend on the size of the ports, the work the engine has 
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to do^ the distance the steam has to travel^ the impedi- 
ments it meets with in its passage from the boiler to the 
cylinder^ and from the cylinder to the condenser. 

Where accuracy is required^ a diagram should he taken 
from the top and bottom of the cylinder. 

The diagram taken from the top of the cylinder shows 
only the pressure and vacuum on the upper side of the 
piston^ and therefore cannot indicate what is going on 
below the piston. If our object be merely to calculate 
approximately the horse-power of the engine, and it be in 
tolerably good working condition, it is not of much conse- 
quence whether the diagram be taken from above or be- 
low; but if the horse-power is required with any great ac- 
curacy, the mean result obtained from the top and bottom 
diagrams must be used. If the actual state of the engine 
be required, it is necessary to examine into what is passing 
both above and below the piston, because the errors in one 
part may have no connection with the errors in another. 
This will be the case if the slide is too long or too short; 
in which case the upper port may be properly covered, 
and the lower one not so ; or the upper slide-face may be 
steam-tight, and the lower one leaky : but if the Indicator 
be applied to top and bottom, it will detect all these inac- 
curacies, and prevent our attempting to improve the work- 
ing of one side to the detriment of the other. It ought to 
be remarked here, that in direct-action engines the diagram 
from below the piston is generally superior to the other. 
First, because, since the steam has more work to accom- 
plish, the piston does not run away from the steam so 
readily, and in consequence the steam-pressure is better 
maintained; and there is generally a little more lead to 
the slide, to allow a freer ingress to the steam. 

There is also another reason why the one diagram is 
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frequently better than the other. The eccentric and crank 
are so connected that they revolve together, and, on ac- 
count of the smallness of the throw of the former, com- 
pared with the length of the eccentric-rod, if the steam be 
cut off when the crank has described a certain angle from 
the top center, it will, if the lead be the same at both 
ports, be again cut off when it has described the same 
angle from the bottom center. But because of the short- 
ness of the connecting-rod the piston will not have tra- 
versed so far when the crank has descended through a 
given angle, as it will when it has ascended through the 
same angle. For instance, when the crank is horizontal 
and descending, the piston will not be half-way down, but 
when horizontal and ascending it will be more than half- 
way up ; and, consequently, as the crank moves from its 
top center, the space traversed by the piston till the steam 
is cut off is less than when moving from the bottom center. 
Therefore it follows, that in direct-action engines the steam- 
line is continued farther in the up-stroke than in the down- 
stroke, and the reverse will be the case in beam-engines ; 
and this difference becomes more apparent as the connect- 
ing-rod is shorter in comparison of the crank 

To what part of the engine the string should he attached. 

It must not be attached to any part indiscriminately. 
Generally speaking, we wish to obtain the pressure of the 
steam for different portions of the stroke of the piston ; 
therefore the string must be fastened to some part of the 
engine having a stroke proportioned to that of the piston, 
only much reduced. The part selected must be as near the 
Indicator as other circumstances will permit; for the greater 
the distance the longer the string, and consequently the 
greater is the chance of error from its stretching. Caution 
must be used also to prevent the string from slipping on 
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the rod to which it is attached. One of the best contriv- 
ances for giving a free and proper motion to the string is 
to fix a pulley to the radius-shaft,^ to the groove of which 
the fixed end of the string can be connected. It will be 
necessary, in other cases, to make use of fair-leaders for 
the purpose of conveying the motion from the part chosen 
to the Indicator ; and due regard must be paid in placing 
£ur4eaders, to ascertain whether the motioi^ of the engine 
will be fairly represented by the Indicator. 

On the general configuraiion of the diagram under given 

circumstances. 

Let us bear in mind that all vertical ascending motions 
are caused by an increasing pressure of the steam, and that 
the descent of the pencil is a consequence of the elasticity 
becoming diminished. Again, with respect to the hori- 
zontal motion, we must first notice, that the pencil-mark 
is traced in a direction opposite to the motion of the cylin- 
der-barrel, because the pencil is fixed in its socket, and the 
barrel moves beneath it. But as the barrel moves from 
right to left^ (that is, as the pencil-mark is traced from left 
to right on the paper), the steam-piston is descending; 
while, on the contrary, as the pencil-mark proceeds from 
right to left, the piston is coming up.^ We shall then 
arrive at the following general conclusions : 

^ A quadrant will suffice, if a complete pulley cannot be fitted to the 
radius-shaf^. In Maudslay^ direct engines a pin can be fixed on the main 
center of the air-pump beam. In Seaward's direct engine the string may 
be attached to the center line of the radius-bar. 

* The reader must imagine himself to be facing the Indicator-barrel, 
as in fig. 1. (See Plate.) 

> This will be the case in one eng^e, but not necessarily so in another 
engine; and moreoTer, if the string be led in another direction the reverse 
will happen; but this the practical man can correct for himself according 
to circumstances, and substitute cucending for deacending, and vice versd. 

B 
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4 

1. If the motion of the pencil be vertically up- J^ 
wards, as at 1, the steam-pressure is increasing^ but 
the piston of the engine-cylinder is not moving. 

2. If the motion be downwards, as at 2, the steam- 
pressure is decreasing, but the piston not moving. ^ 

> 

3. If the line traced be horizontal, thus, ^ ^ 

the steam -pressure does not vary, but the piston is <fe- 
scending.^ 

4. If the line be thus, ^ — i , the steam-pressure 

does not vary, but the piston is ascending.^ 

5. If the line run as at 6, the steam-pressure 
is increasing, and the piston is descending.^ 

6. If the line run as at 6, the pressure is 
decreasing, and the piston descending.^ 

7. If the line run as at 7, the pressure is 
decreasing, and the piston ascending.^ 

8. If the line run as at 8, the pressure is 
increasing, and the piston ascending.^ ® 

The following diagram was taken from above the piston 
of H.M.S. Bee ; and what follows will serve as explana- 
tion of it, and assist likewise in elucidating what has been 
before stated. 

First, we will put numbers round the diagram, in con- 
formity with the principles laid down in the last paragraph. 
Then, supposing the pencil to commence at A, and trace 
out the curve in the direction of the arrows, we see that the 
steam preserves its first and highest pressure for a consi- 

* See third note on preceding page. 
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derable portion of the stroke, viz. from A to C; from C to 
B the downward stroke continues i but the steam rapidly 
loses its pressure, although at a variable rate, decreasing 
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rapidly at jD. At B the motion of the piston ceases ; but 
the steam continues to fall, till at length the pencil moves 
back nearly horizontally for some space, showing the pres- 
sure to continue invariable, although the piston is rising. 
At Fy however, 8 shows the steam-pressure to increase 
rapidly and suddenly, the piston still ascending; till, as 
this oblique line merges into the vertical one at O, we 
perceive that the piston has arrived at the upper end of its 
stroke ; and the fresh influx of steam drives the pencil up 
to A. From this point the pencil will retrace the same 
curve. OD is the atmospheric, or zero, line. 

To show how this curve exhibits what has been going on 

within the engine. 

The following drawings, marked i. ii. iii. iv., are in- 
tended to represent the upper steam-port of a steam- 
engine, with a section of the upper portion of the slide, in 
four different positions. In fig. i., MN represents the 
portway, and ST^e slide- face. The slide is supposed to 
be that commonly used in marine engines, and called the 
Long D Slide.^ 

> See " Marine Steam-Engine," third edition (by the authors of this 
work), pf. 63. 



no 



THE INDICATOH. 



When the pencil, in tracing out the digram in. p. 19i 
is at (? (or it may be rather before arriving at G"), the 
slide is in the position represented in fig. i. and ia rising ; 




BO that^the steam is about to enter the cylinder. Nov 
this will take place, as the diagram shows, very slightly 
before the upward stroke of the piston is accomplished ; 
and since the piston and slide are both on the ascent, the 
lower edge S will have ascended a trifling space when the 
piston is at its highest. This slight space, though trifling 
in amount, is important in Its results on the working of 
the engine. It is denominated the lead of the slide. As 
the piston descends, the valve continues to rise, and the 
admitting orifice becomes larger ; so that although the 
piston is gaining speed in its downward course, yet in well- 
constructed engines the £rst pressure is continued, as we 
find in the diagram, through a considerable portion of the 
stroke. 

The shde, however^ has already begun its downward 
motion ; and when the pencil atrives at C, it has returned 
into the position it had in fig. i. It is clear that as it 
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continues to descend^ no more steam can be admitted; 
whatever the cylinder contains will remain pent up ; and 
as the piston continues to move downwards^ the steam re- 
laxes its force^ and we trace a corresponding depression in 
the diagram from Cto D. But a still greater change is to 
be expected before the piston arrives at its lowest place. 
Ere that happens^ the slide will have come into the position 
shown by fig. iii. : for it is found to be disadvantageous to 
allow the steam to be kept in the cylinder till the end of 
the stroke; because the entering steam at the reverse 
stroke would meet with so much opposition^ till the vacuum 
on the opposite side had become tolerably good^ that the 
equability of the motion would be much affected. This 
being granted^ we see that the port will be open for educ- 
tion before the end of the stroke : consequently a rapid fall 
in the curve takes place at 2>. Moreover^ the slide con- 
tinues to fall^ not only after the piston has come to the 
bottom, but evidendy during the greater portion of the up- 
stroke: although, after a very short interval, from the 
great rate at which the steam rushes into a vacuum, the 
state of the vacuum is nearly unaltered, and but little dif- 
ferent from that in the condenser ; hence, after turning the 
right-hand comer, the pencil runs nearly horizontally. At 
Ff however, the slide has returned to the position repre- 
sented in fig. III. and is rising; the piston is also rising and 
near the top; consequently the steam that has not yet 
made its escape, is pent up ; and becoming more and more 
compressed, the pencil rises rapidly, till, the fresh steam 
entering, it starts up suddenly to A, and retraces the curve. 

U^ slide diagram. 

This diagram is one in which the Indicator-string is 
connected with the cross-head of the slide^ and not with 
that of the piston ; so that the horizontal motion of the 
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pencil backwards and forwards corresponds to ascents and 
descents of the slide^ and vice versd. And tUs process 
will give us many particulars of the slide, without the 
trouble of taking the engine to pieces for measurement. 
If the Indicator be in connection with the upper end of 
the cylinder, it will give us information of the upper slide- 
face ; and if with the lower end, of the lower slide-face. 
As was before stated, the string must be connected with 
some part having the motion of the slide ; but generally it 
will be necessary to reduce the motion, because the stroke 
of the slide is more than the Indicator-barrel will allow ; 
in small engines, such as that of the Bee, it may be 
attached to the cross-head direct. As was remarked, so 
long as the barrel is moving from left to right, the slide is 
rising ; and when moving from right to left, it is falling ; 
and any rise or fall of the steam-pressure is due to the 
change of pressure in the steam, as in the common or 
piston diagram. Then the difference in the two cases 
would be this : that in the common case we have changes 
of pressure corresponding to motions of the steam piston, 
and in the slide diagram we have changes of pressure cor- 
responding to the motions of the slide; and the important 
thing to notice is, that every sudden change of pressure 
refers to some prominent epoch in the sUde's motion ; and 
consequently we are enabled to trace successively on the 
paper the various positions of the slide from its lowest 
point as it cushions the steam, allows fresh ingress, &c., 
and finally arrives at its highest point. 

On page 23 is a slide diagram, obtained by connect- 
ing the string to the slide cross-head of the engine of 
H.M.S. Bee.^ The whole length of the figure is the same 

* The reader will perceiye that in this diagram the steam is of higher 
pressure than that in p. 19. This is caused by a new boiler having been 
introduced into the yessel, which is loaded to lOlbs. 
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a3 the travel of the slide. If not^ a plan must be adopted 
to be afterwards explained. When the pencil is at rf, the 
slide is at the lowest point, and the yacuum is yery good, 
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as the slide rises till the pencil comes to e y but since we 
know h priori, that the yacuum remains good in the en- 
gine ill the cushioning commences, therefore when the 
slide ^as risen from d to e, the cushioning commences, 
and ccntinues as the slide rises till the pencil arrives at /, 
when &esh steam enters, and after this epoch the slide 
still rues till the pencil has reached the point A. As 
the upper line is not so marked in its character as the 
lower me, we shall not say any thing of the downward 
stroke. Through the points rf, e,/, &c. draw the vertical 
lines Ai, Be, Cf, Dh, cutting the atmospheric line in -4, 
B, C, D, and the horizontal line EH in .B, F, 6?, H. 
Suppose EH to be the nozzle of the steam-port, on which 
the face of the steam-slide moves (the cylinder being for 
convenince of illustration supposed to be lying horizon- 
taUy). Then, since when the pencil comes to e the cush- 
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ioning commences, F must be the upper edge of the port. 
Take FF' equal to the depth of the port (which we will 
suppose known). Again^ since when the pencil is at <^ the 
slide is at the lowest^ therefore we must suppose it to haye 
started from JE; and consequently^ at starting^ the upper 
edge of the slide was below the lower edge of the port, 
the space F^F, When the upper edge of the slide arrives 
at G, fresh steam enters; in other words^ the lower edge 
of the port is at 1*^ and therefore the depth of the slide- 
face IB F^O. Moreover^ since the slide still rises through 
the space SO^ JBTG^ will be the greatest amount of opening 
for steam. The successive positions here spoken of are 
laid down in the figures under the line FH. FFia the 
depth of the port. In 1, the slide is at its lowest ; in 2, 
the cushioning is commencing ; in 3, the steam is about to 
enter ; in 4, the slide is at its highest. 

To reduce the motion of the slide when too great. 

When the travel of the slide is greater or less than the 
breadth of the diagram; let HE be the breadth of thedia- 




E ' 



gram, as in the last paragraph ; from jETdraw HP, naking 
any finite angle with IfF, and equal to the travel of the 



STEAM SLIDE TOO LOW. 25 

sKde. Join PH, and through F and O draw FQ, OJR, 
parallel to EP, and then proceed with the line HP, as in 
the last paragraph with the line HJ3f considering Q to be 
the upper edge of the steam-port^ &c. 

To explain why the accompanying diagram has a different 
outline ffrom the standard diagram in p. 19. 

We observe^ in the first place^ that the steam-line^ IK, 
I 





is shorter than in p. 19^ while the exhaust line, LM, is 
longer than in the latter; we infer^ therefore, that the steam 
had a shorter time to come into the cylinder, and a longer 
time to make its escape. We observe, likewise, that the 
engine had made a considerable portion of its downward 
stroke before fresh steam was admitted.^ Now these phe- 
nomena can be explained, by supposing from some cause 
the slide to be removed bodily below the place it had when 
the former diagram was traced. For let us refer to the 
series of representations of the slide before noticed. Thus 
the point I shows us the steam comes in later in this dia- 
gram than in the former ; and the valve is rising ; conse- 
quently its lower edge will be at some point lower than it 
would be in ordinary circumstances. Again, the point K 
of the diagram indicates to us that the steam is cut o£f again 

1 We see in the upper left-hand corner of this diagram the motion 
marked 5 in p. 18, which does not appear in the normal diagram. 
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sooner; but the elide is descending; and therefore^ also, 
the lower edge is lower than it ought to be. Again, N 
being too far from the end of the stroke, we see that the 
exhaust takes place too early ; in other words, the upper 
edge of the slide is too low. And lastly, the point L (where 
the cushioning commences) being carried too far to the left, 
shows us that too great an interval elapses before the upper 
edge of the slide reaches the upper edge of the port. And, 
consequently, every part of the reasoning proves to us the 
fact, that the slide is lower than should have been the case. 
Now, in pursuing our inqidries, we shall find this is caused 
by one of two defects, viz. either the slide-rod is too longy or 
the eccentric-rod is not of the proper length. But in seeking 
for the remedy, we must look to the slide-rod alone, because 
its length can be more easily adjusted than the eccentric- 
rod, by means of the nuts and screw by which it is fast- 
ened to the cross-head. The derangement of the engine, 
when the accompanying diagram was taken, was obtained 
by lengthening the slide-rod three-eighths of an inch. The 
projection at the point remains to be noticed, although 
it would not appear, except in exaggerated cases, such as 
the one before us. It will be seen that the cushioning 
takes place from L to 0; and consequently the pencil 
rises, because the steam is compressed : but the fresh steam 
does not yet enter ; and therefore, as the piston descends, 
this steam, till now compressed, loses its elastic force, and 
the pencil drops ; till at o a fresh supply enters, and the 
pencil starts up from o to /, taking a motion compounded 
of the motion of the piston and the pressure of the steam ; 
for it is to be noticed that the line o/ bends sensibly to the 
right ; this arises from the increasing velocity of the piston, 
and is not observable in the standard diagram, except near 
the top, because the piston is all but stationary during the 
short time the steam is entering. 
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The slide diagram also affords great facilities in dis- 
covering disarrangements of those parts of the engine whose 
pffice it is to permit the eutrance and egress of the steam^ 
because since at those particular times the motion of the 
piston is so slow^ nothing definite can be ascertained. The 
accompanying diagram was taken while the slide was too 
low in the casings on account of the lengthening of the rod. 




Now since DC is the amount by which the port is opened 
for steam^ we should expect this to be smaller than in the 
standard slide diagram, p. 23, and on comparing them we 
find this to be the case. Also the space BAy or the amount 
of travel of the slide before the communication with the 
condenser is cut off, is greater than in the standard figure. 
In all cases £(7 will be constant. 



To find the nature of the curve, if the slide-rod be 

shortened. 

The opposite effects to those mentioned in the last pa- 
ragraph will take place ; that is to say, the upper portion 
of the diagram will be spread out, and the lower part con- 
tracted. The effect is shown in the accompanying diagram, 
to obtain which the slide-rod was shortened three-eighths of 
an inch. 

Note. If the whole slide be of the proper length, it is 
clear that when we get a faulty diagram, similar to that in 
p. 25, taken from above the piston, the one taken from 
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beneath it will be similar to the annexed figure^ and pice 
versa. Hence, therefore, we see one advantage of taking 
both a top and bottom diagram. But if the one diagram 




be similar to one of those just exhibited, and the other be 
satisfactory, the fault lies with the slide itself, and cannot 
be remedied except by the engine-malLers; for the slide- 
faces are not permitted to be cut away or added to without 
the sanction of those who are responsible for the ship. 
The only plan the engineer can adopt is, to divide the 
fault as equally as he can between the upper and lower 
parts, by lengthening or shortening the rod, according to 
circumstances. Moreover, we perceive an engineer should 
not be satisfied that he has done aU, when he has obtained 
a good diagram from one end of the cylinder; because, if 
the fault lie with the slide, he will be improving one to the 
injury of the other. 

The slide diagram which is given below shows very 
clearly that the slide had been raised above the position 
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it had when the diagram in p. 2S was described. For 
DC (or the amount of opening for steam) is here increased, 
and AB is diminished ; BC remaining constant as before. 
Comparing the form of this diagram likewise with that in 
p. 27y we see they are very dissimilar^ especially in that 
part of the lower curve lying between B and C. The 
steam-piston evidently comes to the top of its stroke about 
half-way between B and C, and in the diagram, p. @7, it is 
observable by the downward course of the curve that fresh 
steam is not admitted till the piston has descended some 
small space. But this peculiarity is not to be seen in the 
above figure^ because the cushioning and lead are blended 
together. 

The effect on the diagram, if the stop on the eccentric 

be too far advanced. 

All the motions of the slide, whether up or down, take 
place sooner than ordinary: that is to say, the cushioning, 
the introduction of fresh steam, the cutting off, and the 
exhaust, aU commence sooner. The curve, therefore, in- 
stead of being like the standard diagram (p. 19), will as- 
sume somewhat of a lozenge-shape, the upper left and 



lower right comers being acute-angled, and the other 
two obtuse, as in the above diagram. Again, a little 
reflection will enable us to discover that similar defects 
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will be exhibited in the lower diagram under these cir- 
cumstances^ and not opposite defects^ as was the case when 
the slide or eccentric-rod was at faidt. 

Obs. This curve was obtained by inserting a piece of 
iron^ half an inch thick^ between the stop on the eccentric 
and that on the shaft. 

To ascertain, by inspecting the diagram^ if the stop an the 
shaft be not sufficiently advanced. 

If the stop be not sufficiently advanced^ all the motions 
of the slide will be later than they woidd be in a well- 
constructed engine ; consequently, all the upper part of the 
curve will be drawn towards the right, and all the lower 
part to the left. And, as in the former case, the same dis- 
tortion will be observable if a diagram be taken from the 
lower part of the cylinder. Moreover, if the defect be 
great, we shall meet with the hump in the lower left-hand 
corner, similar to that before noticed. The following dia- 
gram was taken after removing back the stop on the shaft 
seven-sixteenths of an inch.^ 
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The two following curves represent respectively the 
slide diagrams taken when the stop was advanced, as in 
p. 28, and put back, as above ; and the spaces AB, B C, 
C Dy in each of these are the same as in the standard 

^ The stop of one engine may be put back with advantage if the other 
engine be disabled; for by so doing it will be assisted in turning its oen- 
ters, from the steam being carried farther over the diagram. 
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figure, p. 23, the only difference being in the/orm of the 
curves arising from the altered position of the piston rela- 
tively to the slide. 





The nature of the diagram when the portways of the cyUn* 
der or the steam-pipe are too smMfor the size of the 
cylinder and the speed of the piston. 

Since the steam will not be able to enter or escape so 
freely as it ought, the pressure at first entrance will not be 




maintained for any length of time, and the vacuum will 
not be formed rapidly enough; the steam and vacuum 
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lines will therefore lose their horizontality; as is easily 
discovered in the diagram here given^ which was taken 
from one of our large engines, afterwards altered by short- 
ening the gab-lever,* 

Diagram obtained when the steam is throttled. 

The upper line will rapidly decline, for the same reason 
that it would if the steam-pipe or the port were too small ; 
and it wiU not be so high altogether as in ordinary cases. 
The vacuum-line, however, will be better than it would 
otherwise be ; for since the quantity of steam admitted is 
not so great, the speed of the piston will be reduced. But 
the exhaust-port is of the same size whether the steam be 
throttled or not; and therefore there is more time for the 
expended steam to rush through this orifice into the con- 
denser ; and consequently the vacuum-pressure in the con- 
denser and in the cylinder will be more nearly equal, and 
better in both, than when the iull power is set on. 

Note. When the pressure declines throughout the 
stroke of the engine, as it does in the foregoing diagram, 
on account of the contraction of the admitting orifice, the 
steam is said to be " wire-drawn." 

The accompanying diagram represents three diagrams 




taken from the Bee's engine, the steam being throttled to 
various degrees. 

^ The reader will observe that this diagram differs from the preceding 
by being turned end for end; but this depends on the way in which the 
string is led to the engine, and need not be noticed. 
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On the form of the diagram when the expansive gear alone 

is used. 
Let AB represent the whole length of the cylinder ; 
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and when the piston has traversed the space AC, let the 
ingress of the steam be suddenly stopped. Then, from 
this epoch, the steam-pressure will decrease, and the pencil 
begin to descend. Now if the temperature of the steam be 
unaltered, the pressure will vary inversely as the space it 
occupies. Divide, therefore, the space CB into intervals 
CF, FG, &c. each equal to AC; and therefore when the 
piston is at jP, thes pace -4jF being twice AC, the pressure 
of the steam at jPis half thsit at C; at G it will be one- 
third ; at -ET one-fourth, &c. ; and if lines be drawn through 
C, Fy G, &c. parallel to AD, and of the length we have 
just indicated, making CE=ADy FL=hdl£ AD, &c., and 
through the upper extremities of these lines a free curve 
LMNy &c. be traced, it will give us an idea of what we 
ought to expect. But since the slide-valve also kcts, we 
shall have the modification this would produce too ; for the 
slide-valve is placed between the expansive valve and the 
cylinder ; it follows, therefore, that the effective volume of 
the steam intercepted by the expansion-valve is the whole 
of the space between it and the piston, and the slide-valve 
interposes an additional barrier when it begins to cut off 
the steam.^ The case, therefore, is somewhat similar to 

* Except in engines fitted with Seaward's slides, 

C 
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what it would be if there were two expansion-valves, one 
nearer to the cylinder than the other, and the outer one 
acting first. This figure exhibits a series of diagrams re- 




presenting various grades of expansion: here gives the 
full power of the steam without using the expansion gear ; 
1, that produced by the first grade of expansion ; 2, that 
produced by the second grade ; and so on. It is worthy 
of remark, that the diagram marked 0, which is that result- 
ing from the slide-valve, closely assimilates to that marked 
1, produced by the first grade of expansion, as it should 
do in well-constructed engines. 

To show the advantage of expansive working over throttling. 

The advantage gained will depend on the quantity of 
steam required to produce a given effect, or on the effect 
produced by a given quantity of steam. Let us, therefore, 
consider each of these cases separately; and first, taking 
the effect to be the same, let us compare the quantities 
of steam. Now the effect will be the same if the num- 
ber of revolutions be the same. Let, then, in the first 
place, a diagram, such as ABCDy be taken when using 
the expansion cam ; and let the number of revolutions be 
counted, which in this instance was 24. Then, instead of 
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using the expansion gear, let the throttle-valve be partially 
closed tDl the number of revolutions be the same as before, 
VIZ. 24 ; then take a diagram such as EFGD. Now we 




remark that the quantity of steam used during each stroke 
maybe estimated by the heights of the curves at the points 
C and Gy when the eduction takes place ; because these 
heights exhibit the final pressure, and consequently will 
give us some idea of the amount Therefore, because the 
diagrams show that the engine consumes a cylinderful of 
steam oi greater pressure when the steam is throttled than 
when working expansively, it must have consumed a greater 
quantity ; and since the number of revolutions of the en- 
gine is the same as before, it follows that the work done 
is the same. We come, therefore, to the conclusion, that, 
in order to do the same work, an engine will require less 
steam when working expansively than when using the 
throttle-valve. 

Next, after the expansion diagram has been taken, let 
the throttle- valve be partially and gradually closed, till the 
points C and G (of the former diagram) coincide, as in the 
following curves.^ Then the final pressure of steam, and 

^ Some care will be requisite to effect this. The readiest plan is to 
out to a point the end of the pencil which does not contain lead, and having 
inserted it in the instrument, trace out with it a blind curve on the paper» 
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therefore the quantity expended for each stroke of the en- 
gine, will be the same: but it was found on making the 
trial that the number of revolutions with the expansion 




curve being 24, the number was only 19*6 when the 
other curve was traced. Now, although it may be argued 
that the number of revolutions being different the quantity 
of steam used in a given time will not be the same, yet as 
there is such an excess of preponderance in the revolu- 
tions when working expansively, we may safely conclude 
that, if the same amount of steam in a given time had been 
used, the revolutions, and therefore the work done, by ex- 
pansion would have exceeded that done by throttling. 

The general outline of the diagram may appear satisfactory 
notwithstanding the engine is not in good working order. 

This may happen, because in the hands of an inexpe- 
rienced person the Indicator may trace an unfaithful re- 
presentation of the condition of the engine. When the 
piston is near one end of its stroke, if an undue strain be 
brought on the string, it will stretch, and the Indicator- 
barrel remaining stationary while the steam is entering, 
the pencil will have a vertical ascending motion, such as is 

and when we see this curve coincide with the other, we may change ends 
with the pencil, and trace out the throttle curve. 
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represented in the figure. On the other hand, if the barrel 




come back against its stop before the opposite stroke is ac- 
complished, the pencil will fall vertically, as in this figura 




These two figures ought to have been precisely similar, 
the only cause of difference being the accident of the 
string. 

On the series of steps in the upper right-hand comer of the 

accompanying diagram. 




These arise from the piston of the Indicator being packed 
over-tight, on which account it descends by a series of jerks, 
as the steam-pressure relaxes. 
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To explain why, in certain cases, the steam-line (when the 
expansiim gear is used) does not descend so rapidly as 
in the theoretical curve traced in p. 33. 




This will be the case whenever the expansion-valve is 
leaky, as it waa when the accompanying diagram -n^as taken. 
Ab, for instance, in all cases where the common throttle- 
valve ia used for an expansion-valve. 

Method of ascertaining thepotcer of an engine by means of 
the Indicator, 
This is the most accurate way of ascertaining the power 
of an engine ; because, as may be seen, the diagram gives 
the pressure on the piston ; and hence, knowing the num- 
ber of revolutions and the length of stroke, the lahouring 
force can he ascertained. The mean pressure on the piston 
is obtained as follows : Divide the diagram by a series of 




equidistant vertical lines, as in the figure' (the closer the 
■ Since it ia a difficult geometrical operatioD lo diride a tine into a 
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better, where great accuracy la required), and, taking the 
horizontal line marked as the origin, draw a series of 
other lines parallel to it at distances equal to the intervals 
corresponding to the scale of pounds on the Indicator. 
This being accomplished, if our object he only to form an 
estimate of the gross power, observe in the middle of each 
vertical space the number of pounds included between the 
steam and vacuum lines to tenths, which will be best done 
by taking the distance with a pair of compasses, and setting 
it off on the scale of pounds. Write these in their proper 
columns, as in the figure, along the diagram, and add them 
together. Then divide the gross result by the number of 
columns, and we obtain the gross average pressure on the 
one side of the piston during the up and down stroke. 
From this it is usual to deduct &om lib. to l'51bs., accord- 
ing to the size of the engine, for friction ; for small engines 
have more friction in proportion than larger ones ; then the 
result is taken as the effective pressure per square inch, 

great namber of equal parts with anj thing like accnracy , the followiDg 
method maj be useful in expeditiag this part of the work, b; meaoa of 
a scale. The scale coDsiats of a line, suoh as AN, somewhat laoger than 
the line AB, which is to be divided. Let this scale be divided into the 




requisite number of aqoal parts, as in the fignre. Fix one end at A, and 
turn it round that point till the other extremity N ooinoides with the line 
NB, drawn through B at right anglea to AB. Then through the lerenJ 
points of diviBion ot AN Anit lines, parallel to NB, catting AB io the 
points a, b, c, d; which will be the points of division required. To those 
who are frequently in the habit of computing the horae-power of engines 
from the diagrams, this method will be found very advantageous. 
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acting uniformly during one whole revolution. Take now 
the diameter of the cylinder in inches, and square it ; then 
multiply the product by '7854, the result is the number of 
square inches in the surface of the piston. Multiply this 
again by the pressure per square inch, as got from the In- 
dicator, for the whole pressure in pounds on the surface of 
the piston. And if this be multiplied by the length of a 
double stroke, and finally by the number of revolutions, 
we shall obtain the work done by the engine. It is usual 
to divide this quantity by 33,000 (supposing this to be the 
number of pounds a horse would be able to raise one foot 
a minute) ; and the quotient is then called the horse-power 
of the engine. If there be two engines, as is usually the 
ease in steamers, this quantity must be doubled.^ 

^ Ex, In the preceding diagram, let the number of revolutions be 38, 
and therefore the number of single strokes 76. 

Then, since diameter of steam-cylinder =20 inches, 
.-. Diam.2=400 
•7854 



Area =314*2000 sq. inches. (See table at end of this work.) 
But pressure of steam by diagram «=15*05lbs. (with old boiler.) 
Deduction for friction « 1*50 



Effective pressure per inch 
Square inches in piston 


= 13-55 
=314-2 




2710 
5420 
1355 
4065 


Pressure in lbs. on piston 
Length of double stroke 


= 4257-410 
= 4 


No. of revolutions 


17029-64 
= 38 




13623712 
5108892 


33l000)647|126-32 




19f horse-power. 
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If it he necessary to find, separately, the value to be given 
to the steam and vacuum pressures, to explain how this 
is to be ejected. 

To obtain tliia, ve must get the actual pressure, and 
not the difference of pressure between the st^am and 
racuum lines. And therefore we might measure the 
height of the spaces above the atmospheric line, and the 
depth of the vacuum below it. But, in regard to the 
Bteam-line, a difficulty has to be surmounted, which would 
not easily be got over by practical men unaccustomed to 
analytical investigations. It is this : that part of the steam- 
line is usually above the atmospheric hne, and part below 
it; and the results of the one must be subtracted from the 
results of the other. This is more particularly to be 
noticed in cases where the engine is working expansively, 
and a great portion of the steam-line is in consequence 
below the atmospheric line. The following suggestion 
will, however, get over the difficulty : consider the atmos- 
pheric line, as in the following figure, to be 151bs. (which 






I 

Pit 



is its actual pressure), and reckoning downwards, call the 
lines below it 14, 13, &c., till we come to 3, 2, 1, 0: the 
line marked we will assume as that line from which the 
pressures are measured, and both the steam and vacuum 
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line will be above this new zero line ; and the actual pres- 
sures of each will, by these means, be ascertained, and not 
the relative pressure, as compared with that of the atmos- 
phere. In the preceding diagram, this second method of 
computation has been performed ; the numbers on the left- 
hand sidfe beginning from the absolute zero, and the figures 
along the top and bottom of the curve giving the steam 
and vacuum pressures respectively. The mean of the 
steam-pressure is 18*851bs., and of the vacuum 3*81bs. 
The difference is 16*06, as we obtained before. 

To estimate the work done in a single stroke of the engine. 

Let us suppose the piston to be descending ; then the 
steam-pressure acts above the piston, and the vacuum- 
pressure below the piston ; that is to say, the steam-pres- 
sure must be got from the top diagram, and the vacuum- 
pressure from the bottom diagram ; and we must, therefore, 
make use of the method proposed in the answer to the last 
question. Thus, to obtain the mean pressure during the 
down-stroke, take the steam-pressure from the top diagram, 
and the vacuum-pressure from the bottom diagram, and 
subtract the latter from the former. Again, to obtain the 
pressure during the up-stroke, take the vacuum-^^Tesaure 
obtained from the top diagram, from the steam-jpieasure 
got from the bottom diagram. This is the only correct 
method of arriving at the work done during the down and 
up strokes respectively. 

Method of employing the Indicator for ascertaining the 
quantity of water evaporated by a boiler. 

Fix on any convenient part of the steam-line between 
that point where the steam is cut off and the opening is 
made to the condenser ; that is to say, between the points 
Cand D of the diagram, p. 19. Observe, by counting the 



EVAPORATING-POWER OF BOILER. 43 

vertical spaces, what proportion the portion of the stroke, 
as far as this point, bears to the whole length of the stroke. 
Notice also the pressure of the steam at this point. Then 
we shall have a certain fraction of the cylinder filled at 
each stroke with steam of a given pressure. If now the 
cubic contents of the cylinder be determined, and the num- 
ber of times the cylinder is filled per minute, we shall have 
the quantity of steam of known pressure supplied to the 
engine per minute. Thus, suppose that in the Bee -^ of the 
cylinder were filled with steam of 15]bs. pressure; then, since 
the number of cubic inches in the cylinder twice filled is 
16079*6, the number of revolutions being 34 at the time 
of experiment, the whole number of inches in a minute = 
6125 2-64, T%x612526-4=461273-76, and the number of 
cubic inches of atmospheric steam in an hour =461273*76 x 
60=27676425*60. But each inch of water is supposed to 
form 1711 cubic inches of steam at the atmospheric pres- 
sure, and therefore the number of cubic inches of water 

27676425*6 
evaporated = yfTl = 16176; and the number of gal- 
lons of water evaporated = ^„ =68 nearly. 

Now, if the theory be correct, this should be the quan- 
tity of water evaporated from the boiler, due allowance 
being made for condensation, &c. in the steam-pipe and 
passages. But this is far from being the case, for the num- 
ber of gallons actually evaporated by the boiler was as- 
certained to be 108 gallons in the hour. "We can do 
nothing more than state the discrepancy, and offer the 
following hypothesis to account for it From the violence 
of the ebullition, the steam is in all likelihood not so 
dry as that on which careful experiments are made, as 
is frequently made manifest in boilers that "prime;" 
so that, even in good boilers, we may conclude that the 
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steam contains much more watery vapour than it would if 
it were not so rapidly consumed. If so, an inch of water 
would not under these circumstances form 1711 cubic inches 
of steam under the atmospheric pressure, and might per- 
haps form only one-half that quantity, which would be re- 
quisite to give the proper number of gallons of evaporated 
water. It remains to be seen by future experiments whe- 
ther this be the fact; and if true, it will throw doubt on 
the applicability of the tables of relative volumes of steam 
and water contained in most works on the Steam-engine. 

Top and bottom diagrams exhibited on the same card. 

It was stated in the foot-note of p. 12, that the Indi- 
cator may be attached to a pipe connected with the top and 
bottom of the piston, and thus both diagrams may be taken 
on the same card without shifting the instrument As this 
is the plan usually adopted at present, a specimen of the 
two diagrams is given, which will be as follows : 




It will be observed that the two figures face each other, as 
they evidently ought to do. 

To ascertain the friction of a Steam-engine when working 

without any had. 

If we examine the effect of any machine at work, how- 
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ever simple, we shall find a certain amount of power is 
requisite to overcome the friction of the engine itself. 
Divest, for example, a common crane of its chain, or any 
load that may be upon it, and it will still be found that 
some force must be applied to give motion to the gearing 
alone ; the amount of force depending on the materials 
used, the mode of fitting, and the quantity of gear set in 
motion. So it is with the Steam-engine. A certain amount 
of power is required to overcome the friction of all its 
parts; and in this respect no two engines will be found 
alike, so much depending on the goodness of the work- 
manship, and the nice adjustment of the diflferent parts. 

Before proceeding with the method of ascertaining the 
friction of an engine by the Indicator, we would observe, 
that the greatest care and judgment are requisite in carrying 
out this experiment ; let no one attempt it unless he see 
his way clearly ; and there are many classes of engines in 
which the experiment ought not to be tried, such as direct 
acting paddle-engines ; indeed, in all unbalanced engines it 
would be attended with serious risk, by giving the engine 
enough steam to work it without its load.. But it may be 
carried out satisfactorily and safely in horizontal engines, 
because their weights and resistances are balanced. The 
way, however, to proceed is this : the communication-valve 
must first be closed, because the engine requires an ex- 
ceedingly small quantity of steam to work it when the 
paddle-wheels are disengaged. Then let the blow- valve be 
opened, to allow any steam that may happen to be in the 
steam-pipe to escape. The more the vacuum is vitiated 
before commencing the experiment, the safer it will be; 
for there is less liability of injury to the engine when first 
set in motion. With the engines of H.M.S. Bee, it is 
found necessary to destroy the vacuum, before getting the 
diagram, by opening the blow-valve, to prevent the engine 
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flying off at too great speed. The throttle-valve mnst be 
closed, and the paddles disconnected. After slightly open- 
ing the communication and throttle valves, the slide may 
be opened gradually and cautiously, to admit the steam to 
the piston, and the injection must be let on as careftiUy as 
possible. "Work the engine a few strokes by hand, and 
then let it be thrown into gear, and regulate the working 
by the throttle and communication valves; the object being 
to give the engine the same number of revolutions without 
the paddles as it usually has with them; taking care to 
have the condenser of the same temperature as in the 
ordinary working state of the engine.^ The Indicator 
having been previously fixed and adjusted, let a diagram 
be taken : it will be widely different from that when the 
load is on. Both the steam-line and vacuum-line will be 
much below the atmospheric line. The diagram may then 
be taken off, and divided as in the former case. Let the 
result of this diagram be worked off in the same manner 
as the common diagram, and the amount is the work the 
steam has performed, or in other words, the friction of the 
unloaded engine. This has been accomplished in the sub- 
joined diagram. 

This is what is commonly subtracted from the gross 
result obtained under ordinary circumstances, and deno- 
minated friction ; but it is manifest that it is much less 

^ We would strongly advise the insertion of the bulb of a thermometer 
in the condenser of every engine, in addition to the barometer-gauge. 
The bulb must be entirely within the condenser, and the scale (at least 
that part of it which is above 50^ or 60^) outside, in the engine-room. 
The thermometer chosen for the purpose must be graduated higher than 
the temperature of the steam in the boiler, otherwise it will burst when 
the engine is blown through. It must be placed on some part acted on 
freely by the steam, but free from the splash of the injection -water. 
When the engine is free from air it will then serve as a most delicate test 
of the vacuum. The temperature preserved should be about 100^. 
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than the actual &iction of the engine when turDii^ the 
■wheels ; for the friction of every machine increases with 
its load ; and moreover, the injection water, &c. raised by 






the air>pump increasee likewise, and all thia goes under the 
head of friction. The friction of large engines is less in 
proportion than that of smaller ones. In large engines it 
is usual to allow lib. on the square inch of the piston for 
friction, and in small engines from IS to 21bs.; and in 
most cases it would be better, except as a matter of ex- 
periment, to trust to this than to attempt the dif&culty of 
ascertaining it 

To ej^lain how an alteration in the length of the gab-lever 
affects the diagrams. 
If the gab-lever be shortened, the travel of the sHde 
will be increased, but the whole motion will occupy the 
same time. Now to see the effect of this on the opening 
and closing of the steam-ports, we will suppose the slide 
in the middle of its stroke, as in fig. iii. p. SO, and rising 
to admit steam to the upper port. Then, since the space 
through which the slide has to move in a given time is 
increased, it will allow the steam to enter, by assuming the 
position which it has in fig. i. p. 20, earlier than it would 
have done without the alteration. Also, it follows that the 
remuning portion of the upward motion will not occupy a, 
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longer time, but that the greatest opening for steam will 
be increased. Conversely, as the slide goes down again^ it 
will take a longer time before the steam is excluded. Now 
since the slide is in the middle of its motion about the same 
time in both cases, the cushioning will commence nearly 
at the same time ; but because &esh steam enters earlier^ 
the lead will be increased; and because the maximum 
opening is increased, the steam-line will be improved and 
it will be carried further along, for the admission of steam 
ceases at a later period ; finally, the opening to the con- 
denser taking place about the middle of the slide's stroke, 
it will be unaffected by the alteration. The same reasoning 
will show that the vacuum-line is also improved, and that 
a similar advantage takes place at the lower port, which 
will not be the case by any alteration in the length of the 
slide-rod, or of the stops on the eccentric. If, therefore, 
it be found that the steam be wire-drawn at both ports and 
the lead be too little, the diagram will be considerably im- 
proved by shortening the gab-lever, as was stated with 
respect to the engines mentioned in p. 32. This explana- 
tion is exemplified in the following figure, which consists 




of two diagrams, the outer one being that in which the 
gab-lever had been shortened, and the inner one was ob- 
tained by lengthening the gab-lever. 



CONTINUOUS DIAGRAM. 49 

The diagram does not necessarily return into itself , and 

form a closed figure. 

This only happens because the Indicator-barrel contains 
the spring which, as has been stated, draws back the barrel 
directly the string relaxes. But we can by a different 
anrangement produce a figure of some value, in which the 
curve proceeds continuously in one direction, and which, 
therefore, we shall call the *' continuous diagram." Let 
the spring, fitted to the traversing cylinder for bringing 
it back, be taken out, and also the stop that prevents the 
cylinder from going too far ; because our object is to let 
the barrel revolve freely. The clasp, by which the paper 
is usually secured, must also be taken off, and the paper 
must be secured by turning it over the top of the cylinder, 
and be folded in such a manner that the pressure of the 
pencil will help to keep it down. Let now some part of 
the engine be selected where a double pulley may be fitted 
to revolve, one groove of the pulley having, about the same 
diameter as the pulley attached to the barrel, and the other 
to the diameter of the paddle-shaft. A string must be 
passed round this latter pulley and the shaft, and they will 
revolve in the same time. Another string must be passed 
round the pulley of the barrel and the smaller of the two 
pulleys ; and then the Indicator-barrel will revolve nearly 
in the same time as the engine-shaft. And if we suppose 
the shaft to be revolving uniformly, which it will be nearly, 
especially where there are two engines, the barrel will 
have a uniform motion in one direction. If the pencil be 
put to the paper, as in ordinary cases, when the Indicator- 
piston is at the lowest, it will commence tracing its curve. 
It should be allowed to remain for one entire revolution, 
and longer if convenient, provided one line do not interfere 
with the other in going twice over the paper. 

D 
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The chief practical utility of the continnons diagnm is, 
that it serves to show the rate at which the steam-prefr- 
sure increases or decreases. Looking at the continaous dia- 
gram, Plate I. fig. 2, we obsenre that the steam-pressure 
does not arriye at its maximum instantaneously, as many 
suppose, and as the common diagram, p. 18, would lead us 
to belieye. The yacuum commences at D and continues to 
Ey the cushioning from E\x>A; the fresh steam enters at A, 
and causes the pencil to rise till it reaches its highest at jff. 

To ea^lain why the last diagram in p. 37 is rounded at 

the upper left-hand comer. 

If we examine this diagram by any of the preyious 
tests^ we shall find it presents a difficulty not easily sur- 
mounted. For in all former cases we can only correct a 
defect in this comer at the expense of the lower left-hand 
and the upper right-hand comers. As the Indicator per- 
sisted in giving this outline, and all attempts according to 
the foregoing principles (by altering the set of the slides, 
&c.) failed, it was at length proposed to examine the steam- 
piston itself; and accordingly, steam was let in at the lower 
port, and the cock of the grease-cup opened, when it was 
discovered that the piston was not steam-tight in the cylin- 
der; and therefore, although when the engine was working 
the first impulse of the steam sufficed to drive the pencil 
up, yet as soon as the piston had got into motion, the escape 
of steam by leakage did not allow the pencil to rise so 
rapidly as it otherwise would have done. This roundness 
is also observable if the speed of the piston be much in- 
creased. 

Indicator diagram taken when the engine is worked without 

condensation of the steam. 

It is evident that no part of the diagram can be below 
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the atmospheric line, for the pressure can never be less 
than that of the atmosphere. And since the steam has not 
a free escape into the air, but is obliged to force open the 
foot-valve and delivery-valve, and make its way through 
the air-pump bucket, the resistance it meets with will 
cause the pressure to be greater than that of the atmo- 
sphere. Engines whose steam-pressure is not considerably 
greater than that of the atmosphere cannot be worked on 
the high-pressure principle. The following diagram was 




taken from H.M.S. Bee, whose boiler-pressure at that time 
was 71bs. In high-pressure engines the diagram will be si- 
milar to the above ; because the steam having to escape by 
the blast-pipe, is pent up, and causes the lower part of the 
diagram to be above the atmospheric line. In general, the 
steam and vacuum lines must be worked out separately, by 
the plan proposed in p. 41 ; for it will be observed, that 
the lines intersect each other in the diagram. The Indi- 
cator for high-pressure engines should be made expressly 
for the purpose ; the scale of pounds should have a higher 
range, but need not go below the atmospheric line. 

This curve presents a singular appearance, from the 
steam and exhaust line intersecting. Since the cushioning 
begins at the usual place, that is to say, at the same part 
of the stroke as when used as a low-pressure engine, the 
steam pent up on the exhaust side, and commencing with 
a greater pressure than that of the atmosphere, soon sur- 
passes that of the boiler, so that when the port begins to 
open, the pressure suddenly falls. Again, when the en- 
tering steam is cut off, the pressure gradually falls, and 



52 THE INDICATOR. 

before the end of the stroke it is less than that of the educa- 
tion; and when opened again to exhaust, steam enters 
from the condenser, and the loop of the right-hand comer 
is formed. 

High-pressure diagram. 

The accompanying diagram, taken from a high-pressure 
engine, exhibits practically what we were led to expect in 




the foregoing article. The vibrations of the spring of the 
Indicator cause the curve to be distorted, and probably the 
lower portion is more sensibly affected from another ciiv 
cumstance which we will explain. In these engines, since 
each engine discharges into one common blast-pipe, there 
will be a reflex action of the waste steam from one engine 
tending to resist the escape of that from the other. The 
effect thus produced is more sensibly manifested when the 
blast-pipe terminates in a contracted orifice or nozzle, 

A diagram representing the relative motions of the slide 
and piston at every part of the stroke. 

If we shut off all ingress of steam to the Indicator by 
means of the stop-cock m (see plate), and connect the 
piston of this instrument with any of the moving parts of 
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the engine, it will give a representation of the motion 
of that part. Let, therefore, the Indicator-piston he con- 
nected, by means of fair-leaders, or otherwise, with the 
slide ; all vertical ascending motions of the pencil will re- 
present the motions of the slide (being upwards or down- 
wards, according to circumstances). Again, let the Indi- 
cator-barrel be connected by means of its pulley D with 
the cross-head of the engine, as in all ordinary cases. It 
will hence follow, that horizontal motions of the pencil 
will represent the motions of the steam-piston ; and con- 
sequently, the curve traced out will represent the relative 
motions of the slide and piston. The figure will be of an 
elliptical appearance, as in the accompanying tracing, which 




is one of these curves on a reduced scale : the pencil being 
supposed to move in the direction of the arrows. The chief 
information to be gained from this curve is derived from 
the means it gives us of ascertaining at what portion of the 
stroke the steam is cut off. For that purpose, let the 
engine be brought to rest, when on its upper center, and 
make a mark (as at A) where the pencil is stationary; and 
again, make a mark (as at E) where the pencil remains 
when the engine is on the bottom center. Through A and 
B draw horizontal lines, A C, B D, the whole length of 
the figure. Then A C representing the down stroke, A c 
will give us tiiBit pari of the down stroke performed before 
the steam is cut off; and, similarly, B d will represent the 
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same portion of the up stroke. This is evident, because 
neglecting the lead of the slide, and supposing it to be cor- 
rectly set, it begins to open at A and closes at c, opens 
again at B and closes at ^« 
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This instrument has been introduced into some screw- 
vessels, for the purpose of enabling the engineer to record 
the exact amount of pressure given off by the screw-shaft, 
and, consequently, the force the engine, by means of this 
instrument, is exerting to propel the ship. It is merely 
a lever, or a combination of levers; the shaft pressing 
near the fulcrum, and the farther end of the lever, or 
combination, being attached to a Salter's spring-balance. 
In the diagram, Plate I. fig. 3, AB is the screw-shaft 
pressing as it revolves against a movable pin which is 
contained in the plomer-block at C, and can slide freely 
backwards and forwards; DE is the lever, having the 
fulcrum at D ; the pin at C presses against a knife-edge 
on the lever, as is seen in the figure. The rod EF is 
connected with the spring of a Salter's balance, which 
cannot be seen in the figure, but is concealed from sight 
by the cylindrical barrel IK; F is also attached to the 
rod GH, This rod, as we perceive, has several grooves 
in it, so that the small fork carrying the pencil {p) may 
be brought in contact with more than one part of the 
barrel in succession, if desirable. 

The barrel is made to revolve by means of a strap a J, 
connecting it with the screw-shaft ; and it will be seen by 
the figure, that there are pulleys of different sizes con- 
nected with the bulk-head at Af, and the shaft at iV, by 
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which the motion of the cylinder can be regulated, and 
be made quicker or slower at pleasure. The curve will 
evidently be somewhat similar to the continuous Indicator 
diagram (Plate I. fig. 2), consisting of a series of undulations 
according to the force of the steam and its action on the 
propeller. A zero-line must be got, as in the case of the 
Indicator. When the Dynamometer is applied to large 
engines, the levers can be relieved of the pressure of the 
shaft; and this being accomplished, the index of the 
spring-balance will stand at 0, when the zero-line may be 
traced. The balance will also give the scale of pounds. 
After the diagram is traced, draw a series of equidistant 
lines at right angles to the zero-line, as in Plate I. fig. 4, 
which represents a Dynamometer diagram taken on board 
H.M. steam-vessel Rattler during her trial with Alecto, the 
dimensions being reduced one-half. The distance between 
the curve and zero-line must be measured and compared 
with the scale of pounds on the balance. Let this be 
registered on the diagram in its proper space. The sum 
of all these is then to be taken, and divided by the number 
of spaces taken into account. Thus we shall obtain the 
mean force of the lever on the spring of the balance; 
let this be multiplied again by the leverage of the Dyna- 
mometer, and the result will be the pressure of the screw- 
shaft on the Dynamometer, and, therefore, on the vessel.^ 
To obtain the leverage, if the lever be compound, mul-^ 
tiply together all the long arms (measuring from the 
fulcrum), and divide the product by all the short arms 
multiplied together (measuring also from the fulcrum). 

^ A doubt has been expressed by some whether this is really the force 
exerted by the shaft on the vessel, on account of the shaft acting on a 
lever that yields to its force ; but independently of the fact, that none of 
the thrust can be lost, it is clear that the thrust at C is equal to the throst 
at D and that at jEJ, and these are the two forces acting on the vessel 
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Method of obtaining the effective horse-power of an engine 

by the Dynamometer. 

Having found the number oi pounds pressure exerted 
by the screw-shaft, multiply it by the speed of the ship 
in knots, and the product by 6080 (the number of feet in 
a knot); then divide the result by 60 (the number of 
minutes in an hour), and by 33,000, and the quotient 
will be the horse-power. 

Or the work may be shortened, thus : 

Multiply the number of pounds pressure by the speed 
of the ship in knots, as before, and this product by '00307, 
and the product gives the horse-power. 

This, it will be observed, is the effective horse-power 
after making allowance for friction and loss by useless 
resistance. 

The diagram* before referred to will elucidate the pro- 
cess of working out the result. This was taken simultane- 
ously with two others ; and the mean of the three pres- 
sures was 41*309 lbs. Multiplying by the power of the 
system of levers, the result was 8086*4 lbs. (the pressure 
exerted by the screw-shaft). 

The speed of the ship was 9*893 knots. 

Hence 8086-4 x 9*893 =799987. 

And 79998 X -00307=245 nearly; the horse-power 
required. 

The horse-power by Indicator at the same time was 
465-6, showing a loss of 220*6 by friction, resistance, &c. 
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Note. — This Table has been calculated by the following process: — 
To find the Areas. — Having calculated two in succession, to eight places 
of decimals, take their difference, to which add '02454369, and add the 
result to the last-found area; cut off the last four figures, and it will give 
the next; and so on. 
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Diam. 


Area. 


Diam. 


Area. 


Diam. 


Area. 


41 in. 


1320-2543 


45 m. 


'59043 '3 


49 in. 


1885-7410 


i 


1328-3170 


i 

8 


1599-2777 


i 


'895-3744 


i 


1 336-4041 


i 


1608-151 8 


i 


1905-0323 


i 


'344-5159 


i 


1617-0390 


i 


1914-7150 


i 


1352-6520 


i 


1625-9705 


i 


1924*4218 


i 


1360-8129 


i 


1634-9267 


f 


'934-'534 


i 


1 368-998 1 


i 


1643-8874 


i 


'943-9095 


i 


1377-2080 


i 


1652-8827 


i 


1953-6902 


42 in. 


1385-4424 


46 in. 


1 66 1 -902 5 


50 in. 


'963-4954 


i 


1393-7013 


i 


1670-9469 


i 


'973-325' 


i 


1401-9848 


i 


1680-01 58 


i 


1983-1794 


i 


1410*2929 


i 


1689-0993 


f 


1993-0583 


i 


1418-6254 


i 


1698-2272 


i 


2002-9617 


f 


1426-9826 


1 


1707-3698 


f 


2012-8897 


i 


'435-3642 


i 


1716-5368 


f 


2022-8421 


i 


14437705 


i 


1725-7284 


17 


2032*8172 


43 in. 


1452-2012 


47 in. 


'734-9445 


51 in. 


2042-8206 


i 


1460-6565 


i 


1744-1852 


i 


2052-8467 


i 


1469-1364 


i 


'753-4505 


i 


2062-8974 


f 


1477-6310 


f 


1762-7304 


f 


2072-9727 


i 


1486-1697 


i 


1772-0546 


i 


2083-0723 


f 


1494*7234 


1 


1781-3936 


f 


2093*1966 


i 


1503-3012 


.s. 

4 


1790-7569 


f 


2'03-3554 


i 


151 1-9038 


i 


1 800- 1 450 


1 


2113-5188 


44 m. 


1520-5308 


48 in. 


1809-5574 


52 in. 


2123-7166 


i 


1529-1825 


i 


1818-9944 


i 

8 


2'33-9390 


i 


1537-8587 


i 


1828-4560 


i 


2144-1861 


f 


'546-5475 


i 


1837-9322 


f 


2154-4576 


i 


1555-2847 


i 


1847*4528 


i 


2164-7537 


1 


1 564-0346 


f 


1856-9881 


f 


2175-0744 


f 


1572-8089 


i 


1866-5478 


J 


2185*4195 


* 


1 58 1 -6079 


1 


1876-1322 


1 


2195-7893 



AREAS OF CIRCLES OF GIVEN DIAMETERS. 
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Dism. 


Area. 


Diam. 


Area: 


Diam. 


Area. 


53 in. 


2206*1834 


57 in. 


2551*7586 


61 in. 


2922*4666 


i 


22l6'6o22 


i 


2562*9629 


i 


2934-4562 


i 


2227'0456 


i 


2574*1916 


i 


2946-4703 


* 


2237-5132 


f 


2585*4450 


i 


2958-5091 


i 


2248*0059 


J. 
a 


2596*7227 


i 


2970*5722 


1 


2258*5229 


1 


2608*0251 


1 


2982-6600 


f 


2269*0644 


i 


2619*3520 


f 


29947723 


* 


2279*6305 


i 


2630*7035 


1 


3006-9092 


54 in. 


2290*2210 


58 in. 


2642*0794 


62 in. 


3019-0705 


i 


2300*8362 


i 


2653*4800 


i 


3031-2560 


i 


2311*4759 


i 


2664*9051 


i 


3043-4670 


i 


2322*1392 


f 


2676*3549 


i 


3055-7021 


i 


2332*8289 


i 


2687*8289 


i 


3067-9616 


i 


2343*5423 


1 


2699*3277 


i 


3080*2458 


J 


2354*2801 


f 


2710*8508 


4 


3092*5544 


1 


2365*0426 


1 


2722*3988 


i 


3104-8877 


55 in. 


2375*8294 


59 in. 


2733*9710 


63 in. 


3117-2453 


i 


2386*6411 


1 

8 


27455681 


i 


3129*6273 


i 


2397*4770 


i 


2757*1893 


i 


3142-0344 


i 


2408*3377 


* 


2768*8355 


i 


3 1 54'4659 


i 


2419*2227 


i 


2780*5059 


i 


3166*9217 


1 


2430*1775 


i 


2792*2010 


i 


3179*4022 


i 


2441*0666 


i 


2803*9205 


1 


3191*9072 


i 


2452*0254 


i 


2815*6647 


1 


3204*4368 


56 in. 


2463*0086 


60 in. 


2827*4334 


64 in. 


3216*9909 


i 


2474-0145 


i 


2839*2266 


i 


3229*5695 


1 

4 


2485*0489 


i 


2851*0444 


i 


3242*1707 


f 


2496*1059 


f 


2862*8868 


i 


3254-8005 


i 


2507*1873 


i 


2874*7536 


i 


3267-4527 


1 


2518*2934 


i 


2886*6450 


1 


3280*1296 


i 


2529*4239 


i 


2898*5610 


i 


3292-8309 


i 


2540*5781 


i 


2910*5016 


i 


3305*5566 



Ci& 



AREAS OF CIRCLES OF GIVEN DIAMETERS. 



Dism. 


Area. 


Diam. 


Ares. 


Diam. 


Area* 


65 in. 


3318-3072 


69 in. 


3739-2807 


73 m. 


4185-3868 


4 


3331-0822 


i 


3752-8411 


i 


4199-7326 


i 


3343-8818 


i 


3766-4260 


i 


4214-1029 


* 


3356-7059 


f 


3780-0356 


f 


4228-4979 


i 


33^-5545 


i 


3793-6695 


i 


4242-91 71 


1 


3382-4277 


i 


3807-3281 


* 


4257-3611 


i 


3395-3253 


f 


3821-0112 


f 


4271-8296 


i 


3408-2476 


* 


3834-7189 


1 


4286-3227 


66 in. 


3421-1944 


70 in. 


3848-4510 


74 in. 


4300-8404 


i 


3434-1657 


i 


3862-2077 


i 


4315-3826 


i 


3447-1616 


i 


3875-9890 


i 


4329-9492 


i 


3460-1820 


i 


3889-7948 


t 


4344-5405 


i 


3473-2270 


i 


3903-6252 


i 


43 59" '563 


i 


3486-3966 


1 


3917-4802 


t 


4373-7967 


i 


3499-3906 


i 


393i'3596 


f 


4388-4613 


i . 


3512-5093 


i 


3945-2636 


* 


4403-1508 


67 in. 


3525-6524 


71 in. 


3959-1921 


75 in. 


4417-8647 


i 


3538-8201 


i 


3973-1452 


i 


4432-6032 


i 


3552-0123 


i 

4 


3987-1229 


i 


4447-3662 


i 


3565-2292 


f 


4001-1252 


f 


4462-1539 


i 


3578-4704 


i 


4015-1518 


i 


4476-9659 


A 

8 


35917363 


i 


4029-2031 


1 


4491-8026 


i 


3605-0267 


f 


4043-2788 


f 


4506-6637 


i 


3618-3417 


1 


4057-3884 


* 


4521-5495 


68 in. 


3631-6811 


72 in. 


4071-5041 


76 in. 


4536-4598 


i 


3645-0451 


i 


4085-6532 


i 


4551-3946 


i 


3658-4337 


i 


4099-8275 


i 


4566-3540 


i 


3671-8469 


i 


4114-0260 


i 


4581-3379 


i 


3685-2845 


i 


4128*2490 


i 


4596-3464 


8 


3698-7468 


1 


4142-4967 


1 


4611-3895 


f 


3712-2335 


f 


41567689 


1 


4626-4370 


i 


3725-7450 


i 


4171*0656 


1 


4641-5192 
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IMam. 


Area. 


Diam. 


Area. 


Diam. 


Area. 


77 in. 


4656-6257 


81 in. 


5152-9973 


85 in. 


5674-5017 


i 


46717569 


i 


5168-9140 


i 


5691-2037 


i 


4686*9126 


i 


5184-8551 


i 


5707-9302 


i 


4702*0929 


f 


5200-8208 


f 


5724-6814 


i 


4717-2977 


i 


5216-8109 


i 


5741-4569 


1 


4732-5271 


i 


5232-8258 


1 


5758-2631 


1 


47477810 


f 


5248-8650 


i 


5775-0818 


i 


4763-0595 


i 


5264-9289 


i 


5791-9311 


78 in. 


4778-3624 


82 in. 


5281-0172 


86 in. 


5808-8048 


i 


4793-6890 


i 


5297-1302 


i 


5825-7032 


i 


4809-0420 


i 
4 


5313-2677 


i 


5842-6260 


i 


4824-4187 


f 


5329-4297 


* 


5859-5735 


i 


4839-8198 


1 

T 


5345-6162 


i 


5876-5454 


f 


4855*2455 


1 


5361-8273 


f 


5893-5420 


i 


4870-7958 


1 


5378-0630 


i 


5910-5630 


i 


4886-1707 


1 


5394*3233 


i 


5927-6087 


79 in. 


4901-6669 


83 in. 


5410*6079 


87 in. 


5944-6787 


i 


4917-1938 


i 


5426-9172 


i 


5961-7734 


i 

4 


49327423 


i 


5443-2511 


i 


5978-8926 


i 


4948-3154 


i 


5459-6096 


f 


5996-0365 


i 


4963-9127 


i 


5475-9923 


i 


6013-2047 


i 


4979'53io 


1 


5492-3998 


1 


6030-3975 


i 


4995-1814 


i 


5508-8318 


i 


6047-6149 


i 


5010-8526 


1 


5525-2884 


i 


6064-8569 


80 in. 


5026-5482 


84 in. 


55417694 


88 in. 


6082-1234 


i 


5042-2785 


i 


5558-2751 


i 


6099-4145 


i 


5058-0133 


i 


5574-8053 


i 


6116-7300 


f 


5073-7826 


i 


5591-3600 


f 


6134-0702 


i 


5089-5764 


i 


5607-9392 


i 


6151-4349 


i 


5105-3948 


t 


5624-5430 


i 


6168*8240 


f 


5121-2378 


f 


5641-1714 


J 


6186-2377 


1 


5137-1054 


1 

1 


5657-8236 


1 


6203-6751 



6i> 



AREAS OF CIRCLES OF GIVEN DIAMETERS. 



Diam. 


Area. 


Diam. 


Area. 


Diam. 


Area. 


89 m. 


6221'l^Sg 


93 in. 


6792-9087 


97 in. 


7389-8113 


i 


62^^*626$ 


i 


6811-1814 


i 


7408-8695 


i 


6256'I382 


i 


6829-4788 


I 

4 


7427-9522 


i 


6273'6746 


f 


6847-8007 


f 


7447-0595 


i 


6291*2356 


i 


6866-1471 


i 


7466-1913 


f 


63o8'82i2 


1 


6884-5182 


1 


7485-3478 


i 


6326-4313 


f 


6902-9135 


* 


7504-5285 


i 


6344*0660 


1* 


6921-3336 


1 


7523-7340 


90 in. 


6361-7251 


94 in. 


69397782 


98 in. 


7542-9640 


i 

8 


6379-4069 


i 


6958-2474 


i 


7562-2186 


i 


6397-1 171 


i 


6976-7410 


i 


7581-4976 


f 


6414-8499 


f 


6995*2593 


f 


7600*8012 


i 


6432-6073 


i 


7013-8019 


i 


7620-1293 


1 


6450-3893 


1 


7032-3693 


1 


7639-4810 


i- 


6468-1954 


1 


7050-9612 


1 


7658-8593 


1* 

* 


6486-0265 


1 


7oe^'S777 


* 


7678-2610 


91 in. 


6503-8821 


95 in. 


7088-2184 


99 in. 


7697-6874 


i 


6521-7622 


i 


7106-8839 


i 


7717-1383 


i 


6539-6669 


i 


7125-5799 


i 


7736-6137 


f 


6557-5962 


f 


7144-2886 


f 


7756-1137 


i 


6575*5498 


i 


7163-0276 


i 


7775-6382 


1 


65915-5281 


1 


7181-7914 


1 


7795-1873 


J 


661 1-5308 


1 


7200-5794 


* 


7814-7608 


i 


6629-5582 


i 


7219-3921 


7 
1 


7834-3590 


92 in. 


6647-6100 

^ ^ ^ V ,#* •■ 


96 in. 


7238-2295 


1 00 in. 


7853-9816 


i 


6665-6865 


i 


7257-0914 






i 


6683-7875 


i 


7275-9777 






f 


6701-9131 


f 


7294-8886 


TI 


IE END. 


i 


6720-0630 


h 


7313-8240 






1 


^73^'^377 


i 


73327841 






1 


6756-4368 


1 


7351*7686 


L 


,ONDON: 


1 


6774-6605 


1* 


7370-7777 
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